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SEMICONDUCTOR MEMORY CIRCUIT 



BACKGROUND OF THE INVENTION 

1. Field of the Invention .... 
••■•■*• .T^ J nvent ' on relates to a semiconductor memory 

; circuit, and more particularly to a semiconductor mem-, 
j orycircuftwhfch includes shared sense amplifiers and is 
- adapted for multibit parallel input and output corifigura- 
tion and for increasing the capacity. 

2. Description of the Prior Art 

In semiconductor memory circuits, the folded bit line 
structure in which a bit line for giving a reference po- 
tential to a sense amplifier (referred to as bit fine for 
reference potentia^hereinafter) and a bit line for reading 
out data of a memory cell (referred to as bit line for read 
hereinafter) are arranged on one side of the sense ampli- 
fier, gives less induced noise to the bit line compared 
with the open bit line structure in which the bit line for 
reference potential and the bit line for read are arranged 
on the mutually opposite sides of the sense amplifier, so 
that ft is currently in widespread use for semiconductor 
memory circuits. 

Moreover, since in a semiconductor memory circuit 
such as a dynamic RAM (referred to as DRAM herein- 
after) the ratio of the capacity of the memory cell ca- 
pacitor (referred to as capacity of memory capacitor 
hereinafter) to the parasitic capacity of the bit line (re- 
ferred to as capacity of bit line hereinafter) is related 
drrectly to the read voltage generated in the bit line, this 
ratio is an important parameter for the design of 
DRAM. The capacity of bit line is determined by the 
number, the size, and the structure of memory cells 
connected to the bit line, and the structure, size, mate- 
rial, or the like of the bit line itself. Accompanying the 
advancement of the generation of semiconductor mem- 
ory circuits and the increase of the memory capacity, 
geometrical refinem e n t of the memory cell and the bit 
hne is advanced and the capacity of bit line b decreased. 
On the other hand, it brings about a decrease of the 
capacity of memory capacitor and an increase of the 
induced noise, and the number of the memory cells 
connected to one bit line has not been changed since ft 
was increased from 64 bits to 128 bits for 256 kbit 
DRAM, even for the advances of the memory capacity 
of 1M bit* 4M bits, and 16M bits. Various kinds of split 
bit line modes have been proposed in order to keep the 
number of memory cells connected to one bit line con- 
stant, in the midst of the alternation of generation of 
DRAM as mentioned above, under the condition of 
limited chip size. Among them, the mnltisplit bit fine 
: . shared sense ampHfier mode (referred to as shared sense 
r-; ; - amplifier mode hereinafter) is being adopted most 
. • widely for the reasons' that ft is possible to realize a 
reduction of power consumption and an improvement 
of operating speed, and is most advantageous from the ! 
,; viewpohttof 16Mbit DRAM 

MFD4216400 made by NEC Corporation which is the 
: • ■■■signed of tb&_appBea1^ 

Next, an example of serdconducto'rnemory "circuit 
of ^«>^. »«se a^h^ mode will be described. 

This serrdconductor memory circuit coirrprises a plu- 
rality of j memory ceD airays"each including a plurality 
©fmeniory cell trains connected respectively to bit fine 
P^lof folded bit fine rnbde;"and arelfirmged in the 
direction fa'^^^i^aeselMmoW'dO train ex- 
?* Pomcoanspmdeaoe relation 
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selection/sense amplifier circuits ea ch Including first 
selection means which is arranged in every interarray. 
. regions between the pair of mutually adjacent memory 
cell arrays and selects for each member of the respec- 
. five pairs e ith e r of an odd-numbered train or an even- 
numbered train of the plurality of memory cell trains of 
the memory cell arrays on both sides of me'mtetarray 
region, a plurality of sense amplifiers which amplify the 
respective read data of the memory cell bains selected 
by the first selection means in one-to-one bads, and 
second selection means which selects one of the plural- 
ity of sense amplifiers and one of the memory cell trains 
; selected by the first selection means and connect them 
to the corresponding data input and output lines, and 
transmits one of the amplified read data of an odd-num- 
bered or an even-numbered memory cell train of the 
selected memory cell array on one side to the corre- 
sponding data input and output fines and supplies write 
data transmitted to the corresponding data input and 
output lines to a selected memory cell train of a selected 
memory cell array, two units of second selection/sense 
amplifier circuits each including a plurality of sense 
amplifiers arranged on the outside of the respective 
memory cell arrays at both ends of the disposition of the 
plurality of memory cell arrays and amplify in one-to- 
one basis read data of memory cell trains set differently 
from those of the first selection/sense amplifier circuits 
corresponding to the outermost memory cell arrays and 
selection means which selects one of the plurality of the 
sense amplifiers and one of the set memory cell trains of 
the outermost memory cell array and connects them to 
corresponding data input and output lines, and transmit 
amplified read data from the set memory cell trains of 
the outermost memory cell arrays to corresponding 
data input and output lines and supply write data trans- 
mitted to the corresponding data input and output lines 
to selected memory cell trains of the outermost memory 
cell arrays, a plurality of data buses corresponding to 
the respective bits of data which is transferred in bit 
parallel mode between an external circuit, and a plural- 
ity of input and output switching circuits which trans- 
mit the respective read data from the memory cell ar- 
rays one by one to the corresponding data buses via the 
first and the second selection/sense amplifier circuits by 
sequentially assigning equal number of memory cell 
arrays fa the order of arrangement to the plurality of 
data buses, respectively, and supply write data transmit- 
ted to these data buses from the external circuit to re- 
spective selected memory cell trains of the correspond- 
ing memory cell arrays. 

. ; Jf it is assumed in this semiconductor memory circuit : 
that, for example, the number of the memory cell arrays - 
is eight, the number of the data buses is four, and the 
data transfer between the external circuit is carried out 
in four bit parallel mode, then seven first selection/sense 
amplifier circuits are arranged among eight memory 
ceH arrays/a second selection/sense amplifier circuit is 
.ttra^ged jm the outside of this i each of the outermost 
; ™ em 9?y c^.Miay Sf the eight memory cell arrays, and 
; 8 . Plurality of input arid ou$ut awitehmg circuits are 
I arranged .between the first and second sdection/sense 

■v!^^^S!^^^^^^^''S^"tm meat- 
^ ^arays;eacih':are^ sequen- 

"iJP^^^^J^^^^Ba^ibit^t and the second ■ 
?"™<?|y^ ?|Says from the left correspond^ 
;4totaj^'to3bira and Sue fourth mmory^cell arrays / 
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correspond to the second data bns, the fifth and the : 
sixth memory cell arrays correspond to the third data ; 
bus, and the seventh and the eighth memory cell arrays ' 
correspond to the fourth data bns. Farther, if the first , 
and the second selection/sense amplifier circuits are ! 
designated from the left as the first, the second, .... and i 
• the mnth;sense amplifiers, the data transmission be-' 
. ■ tween the first and the second memory cell arrays and - 
• the first data bus is executed via the first, second, and ' 
the third selection/sense amplifier circuits, the data 
transmission between the third and the fourth memory 
cell arrays and the second data bns is executed via the 
third, the fourth, and the fifth selection/sense amplifier 
circuits, and similarly, the data transmission between 
die fifth and the^ixth memory cell arrays and the third . 
data bus is executed via the fifth, the sixth, and the ; 
seventh selection/sense amplifier circuits, and the data : 
transmission between the seventh and the eighth, mem- . 
ory cell arrays and the fourth data bus is executed via ' 
the seventh, the eighth and the ninth selection/sense : 
amplifier circuits. 

As in the above, in this semiconductor memory cir- 
cuit, the third, the fifth, and the seventh selection/sense 
amplifier circuits have to carry out the data transfer 
between the respective two data buses. For this reason, 
it becomes necessary to have two input and output 
switching circuits between these selection/sense ampli- 
fier circuits and the data buses, and the layout becomes 
jiff complicated and the chip area needs be increased ac- 

jS cordingly. 



m 



BRIEF SUMMARY OF THE INVENTION 

OBJECT OF THE INVENTION 

Ijf It is therefore the object of this invention to provide 

ijj a semiconductor memory circuit which enables one to 

Q simplify the layout and reduce the chip area. 

« SUMMARY OF THE INVENTION 



The semiconductor memory circuit according to this 
invention comprises a plurality of memory cell arrays ', 
_ each including a plurality of memory cell trains, ar- ; 

IP ranged adjacent with each other in a predetermined ■ 

TU direction, a plurality of first selection/sense amplifier 

"H circuits arranged in every region between mutually 

adjacent pair of memory cell arrays, which amplify read > 
data from memory cell trains alternately Hxignatiyi jn 
the order of arrangement out of odd-numbered and 
even-numbered trains on one selected side of memory 
cell arrays on both sides of the region between the cell 
arrays, transmit one of the data to corresponding data 
input and output lines and supply write data transmitted 
; to the corresponding input and output fines to selected '< 

..... , . - memory ceU tram of selected memory cell array, : two 1 

' • ■ "unite of second selectton/sense amplifier .'circuits ar- [ 

ranged on the outside of the respective memory cell j 
arrays on both ends of the plurality of memory cell 
arrays, which amplify read data from predetermined 
one memory cell train of odd-numbered and even-num- 
bered trains of the. outermost memory cell arrays and 
transmit one of the data to the corresponding data input 
- •"' ; and outout fines and supply write dW transmitted to 

: the conespondmg mput and output fines to a ^ 
" memory cell train of the oute r mo st memory cell array, 

bits of date trai^^ 

- ' - • . 
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selection/sense amplifier circuits and connected to the ' 
plurality of the data bases so as to have equal number of 
memory cell trains that can carry out data transfer with 
the respective data buses, and carry out data transfer 
between these data buses and the first and the second 
selection/ sense amplifier c ir c ui t s in one-to-one corre- 
spondence mode. 

In this semiconductor memory circuit, tatapirt and - 
'output switching "circuits are arranged in one-to-one '. 
correspondence to the first and the second selecabn/- 
sense amplifier circuits, so that h is possible to simplify 
the layout and to decrease the chip area in proportion to 
the reduction in the number of input and output switch- 
ing circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS y 

The above-mentioned and other objects, features and 
advantages of this invention will become more apparent 
by reference to the following detailed description of the 
invention taken in conjunction with the accompanying 
drawings, wherein: 

FIG. 1 is a block diagram for an embodiment of the 
invention; 

FIG. 2 is a circuit diagram for the memory call arrays 
and first selection/sense amplifier circuits which consti- 
tute a part of the embodiment; 

FIG. 3 is a block diagram for a modification of the 
embodiment; and 

FIG. 4 is a block diagram for another modification of 
the embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1, the semiconductor memory 
circuit which is an embodiment of the invention shown 
in this figure comprises a plurality of memory cell ar- 
rays MCA1 to MCA8 each indluding a plurality of ! 
memory cell trains, arranged in the direction of exten- i 
sion of these memory cell trains while keeping the cor- 
respondence relation among these memory cell trains, a 
plurality of first selection/sense amplifier circuits 
SSA11 to SSA17, each circuit including, first selection ; 
means arranged in the region between the cell arrays, 
namely, between memory cell arrays MCA1 and • 
MCA2, between MCA2 and MCA3, between MCA3 j 
and MCA4, . . . , and between MCA7 and MCA8, re- ! 
spectively, and selects put of the memory cell trains of 
the memory cell arrays on both sides of every region 
between the cell arrays either an odd-numbered train or 
an even-numbered train designated alternately in the ! 

order of arrangement, one ode al a time, a plurality of . ! 
sense amplifiers .which amplify read data of memory : \ 
f cell trains selected by itbe first selection meaiis in 6ne-to- |t 
- one correspondence, and second selection means which - 1. 
selects one of the sense amplifiers and one of the mem- ~- i 
ory cell trains selected by the first selection means and I 
connects them to corresponding data input and output ! 
lines, and transmit* one of amplified read data of an - 
odd-numbered or an even-numbered memory cell train . . 
of memory cell array on one side (MCAL for example) •.';-' 
to ue 'corresponding data input and output fine s, and ; 
supply write data transmitted to i the : corresponding data 
input and output Enes to aj&ected memory cell train of ; ■ 
a selected rnembry .cell jBmy"(MCAV for cample), : i; 
•second sde^'n/sense "amplffier circm and 
SSA22 wMcX in^ 
.differCTt'^ 
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SSAll and SSA17, arranged in cell end regions outside : 
of the memory cell arrays MCA1 and MCA8 and re- ' 
spectively amplify in one-to-one correspondence the 
read data of memory cell arrays and selection 
which selects one of these sense amplifiers and one of 
designated odd-nnmbered or even-nnmbered memory j 

. cell trains and connect them tQ corresponding data j 
input and output fines, and transmit amplified ruH rfaifa ! 
from designated odd-numbered .or even-nnmbered 1 
memory cell train of the memory cell arrays MCAland 
MCA8 to corresponding data input and output lines and 
supply write data transmitted to the corresponding data 
input and output lines to selected memory cell trains of 
memory cell arrays MCA1 and MCA8, a plurality of 
data buses DBll/pB12 to DB41/DB42 which corre- ! 
spond to data Di to D<, respectively, that are trans- \ 
ferred in bit parallel maimer between an external circuit, • 
a plurality of input and output switching circuits IOS1 
to IOS9 which are arranged in one-to-one correspon- i 
dence to the first and the second selection/sense ampli- I 
tier circuits SSAll to SSA17/SSA21 and SSA22 and ! 
carry out one-to-one transfer of read data and write data I 
between each of the data buses DB11/DB12 to ' 
DB41/DB42 and one of the corresponding selection/- 1 
sense amplifier circuits by connecting the first input and 
output terminals to the data input and output lines of the 
corresponding selection/sense amplifier circuits and the 
second input and output terminals to one of the data 
buses DB11/DB12 to DB41/DB42 so as to have the i 
number of memory cell trains capable of carrying out 
data transfer with the data buses is mutually equal, and 
data input and output circuits DIOl to DI04 which 
output read data : transmitted to the data buses 
DB1VDB12 to DB41/DB42 to the external circuit in; 
bit parallel manner and transmit write data from the 
external circuit to the data buses DB11/DB12 to 
DB41/DB42 in bit parallel manner. 

Referring to FIG. 2 showing a part of the embodi- 
ment in terms of a specific circuit diagram, it can be seen 
that this embodiment has the folded bit line structure in 
which a bit fine (BL12, for example) that gives a refer- 
ence potential to the sense amplifier (SA11, for exam- 
ple) and a bit line for data read (BL11, for example) are 
arranged mutually parallel on one side of a sense arnnli- 
fier (SA11). * 

~ An odd-numbered or an even-numbered memory cell 
tram of the memory cell array is formed by memory 
cells (MCs) that are connected to a pair of bit fines for 
reference potential and for data read. For example, in 
thememory cell array MCA1, the memory cell train i 
corresponding to the bit fine pairs BL11/BL12 and 

• BL15/BL16 forms an odd-numbered train, while the 
memory cell train corresponding to BL13/BL14 and 

• BU7/BL18 forms an eyen-nmabereri \t *dn ; :: 

A first selectibr^ for 
example) has sense ampfifiers (SAM, SA12, . . . ) pro- 
vided one each for the memory cell train oamsp imAhi p 
to one (odd-nmnbered train fa SSAll) of odd-numbered 
eyer«umbered trams of memory cell arrays cm hs 
both aides (MCA1 and MCA2, for exampM data trans- 
fer drctnte (DT11 and DT12) of the first selection 
one side at a time, an c^-num- 
: : * c f*9. or . 80 ewrHrumbered inemory cell train of the 
memory cell ariays (MCA1 and MCA2) on both sides 
,.'m response to transfer control signals (TOu and TOn) 
,^ and co nnects It to Ithe^ 

t*™**?* ?!?* a * wMch.'c^ecte one of odd-numbered 
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or even-numbered memory cell train of the memory cell 
array selected by the data transfer circuits (DT11 and 
DT12) and one of the sense amplifier circuits selected in 
response to train selection signals (Y„. Yn) to data 
input and output lines (1011 and 1012). 

dSJSa^* ?L I f^ ld "^on/sose amplifier 
circmts SSA21 and SSA22 merely make access to only 
one of odd-irambered .and even-numbered trains of the 

: and MCA2, each of them has <me data transfer drcnit 

'■U&SS? & E £L^, TK ? """^ «»strnction is 
Identical to the first selection/sense amplifier circuit 
; The access memory cell trains of the second sdecuW- 
• sense amplifier circuits SSA21 and SSA22 are even- 
numbered trains since the access memory cell trains of 
? c c , ?? jac, ? l i„ first selection/sense amplifier circuits 
SSA11 and SSA17 are odd-numbered trains. 

As described in the above, the access memory cell 
trains of the first and the second selection/sense ampli- 
fier circuits SSA11 to SSA17/SSA21 and SSA22 are so 
fixed as to be alternately an odd-numbered and an even- 
numbered train according to the order of their arranee- 

^Tw^ Cbtafaed a semi «"idnctor memory circuit 
of the shared sense amplifier mode. 

In ^embodiment, the memory cell trains that can 
transfer data between the data buses DB11/DB12 via 
S&Et%5!£EZ SSA11 to SSA17A 

™?^2L d tte om P nt switching 

circuits I0S1 to I0S9 are both the odd-numbered and 
even-numbered trains of the memory cell array MCA1, 
odd-numbered trains of the memory cell array MCA2. 
and even-numbered trains of the memory cell amy 
MCAS,. and the memory cell trains that can transfer 
datajKtween the data buses DB21/DB22 are even- 
numbtted trams of the memory cell array MCA* both 
the odd-numbered and eveiHunnbered trains of the 
memory cell array MCA3, and odd-numbered trains of 
T II1 ^ i y^5- Brrav MCA4 - Similarly, for the data 
fe?*™ 5 ?* they are evea*umbered tadnsof 
MCA4> bofc the odd-numbered and even-numbered 
tons of MCA5, and odd-numbered trains of MCA6, 
and for Ae data buses DB41A5B42, they are even-num: 
bered trams of MCA6, both the odd-numbered and 

^"SK^ md odd-numbered 

trains of MCA8. One each of the memory cell trains 

^^S73^ d ^ Wal)e ^^ofthedata i 
bus« DB11/DB12 to DB41/DB42 is selected by the 1 

SSAW and S&A22, and read for an external circuit of 1 
four-brt data Di to D« and write from the external cir- 

^^Sl 0 ^ * pSZaSld via the data input and 
output circuits QI01 to DI04. - ... • : . : • . 

"to the ctmventio^^nnco^or' jnen^ : circmv4 
the memory cell arrays that can transfer dam between : 4 

simll^y for the databus DB21/DB22 they areMCA3 
and MCA4, for the data bus DB31/DB32 thev are 
MCAS and IUCM, and for the data bus DB41/DB42 
are MCA? jmd MCAS. Accordingly, thesdec- 

S^T^^ S ^«^between£ 
memoiy ceDwrays MCA2 and MCAS needs to per! 

^S&SSsWS?* *^n/sense amplifier circuit 



e ; i^il^rZryZTr^JOl " *™ J"™ ualBler vwtu tne two data 
^#*« ;P1?W?B22 andl)B31/DB3i'and "the select 
W^^j&^S^SSAU between' the mem- 
|g^^^^MCA^to>«lbrnS 
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transfer with the two data buses DB31/DB32 and i 
DB41/DB4Z Therefore, input and output drcuhs of i 
two each are required between the selection/sense am- i 
plifier circnit SSA12, SSA14, SSA16 and the data bases I 
DB11/DB12 to DB41/DB42, and it results to complica- i 
tion of the layout and increase of the chip area in pro- I 
portion to fids situation. . . j 
. In contrast, in this invention one. data" bus is assigned I 
• to each of the selection/sense amplifier'circoits SSA11 
to SSA17/SSA21 and SSA22, so that the input and 
output switching circuit between each of these selec- 
tion/sense amplifier circuits SSA11 to SSA17/SSA21 
and SSA22 and the data buses DB11/DB12 to 
DB41/DB42 becomes one for each, and accordingly h 
is possible to simplify the layout and reduce the chip 
area. 

Referring to FIG. 3 showing a modification of the 
embodiment, even-numbered trains (or odd-numbered 
trains) of the memory cell trains are made to correspond 
to odd-numbered data buses. The correspondence rela- 
tion between the even-numbered train/odd-numbered 
train and the data buses can be anything provided that 
the number of the memory cell trains connectable to ! 
each data bus is equal ! 

Furthermore, the second selection/sense amplifier ■ 
circuits SSA21 and SSA22 have memory cell trams of 
one of odd-numbered and even-numbered trains of the 
outennostly arranged memory cell arrays (MCA1 and 
MCA8) as the objects of access. Therefore, if the num- 
ber of memory cell arrays connectable to one data bus is 
taken as the memory cell array unit (namely, the mem- 
ory cell trains for an integral number of memory cell 
arrays), the second selection/sense amplifier circuits are 
connected without fail to the identical data bus via the 
corresponding input and output switchmg drcuits. Ac- 
cordingly, if the number of memory cells trains con- 
nectable to one data bus is set to be equal to an even 
number of times of the memory cell arrays, then the 
input and output switching circuit arranged at the cen- 
ter can also be made to be surely connected to the iden- 
tical data bus for the outermost input and output switch- 
ing circuits. Consequently, the pattern of the connec- 
tion lmes between the input and output switching cir- 
cuits and the data bases can be made laterally symmetric 
with respect to the input and output switching circuit at ' 
the center, and the array design can further be facili- ' 
tated. An example of the laterally symmetric pattern of 
the connection lines is shown hi FIG. 4. There can be 
thought several patterns of laterally symmetric connec- ' 
toon lmes other than the one shown in FIG. 4, but a 1 
simple pattern with m a x i mu m regularity is advanta- 1 
geous. ,; = .. : V.:-.". ■ . v; j 

. Although the bivention has been described with ref- 1 
erenee to specific embodiments; this description fa not ! 
meant to be construed in a limiting sense. Various modi- ' 
fieanoiis of the disclosed embodiments, as well lis other ' 
embodiments of the invention, win become apparent to r 
persons skilled in the art upon reference to the descrip- 1 
toon of the hwention. It is therefore contemplated that • 
appended claims wffl coyer any mortifications br em- j 
tJOdmients as fall within the true scope of the invention. ! 
: ; what is claimed fc"s;-^'^?i^Sfv 

; ; : y a plurality of monory cell arrays each consisting of a 
.IvX plurality of memory ceU trains arranged in a dlrec- 
|^toon';in whJchJthese jfianio^^ ;tr^"ei^nd 
while .keeping the mutual coiresp^dmg ^lat fon-^ 



